Objective: To explore the association of eating styles with overweight and obesity in young adults, controlling for identical genetic background in monozygotic twins. Design: Prospective twin cohort study. Setting: Finland, 1991. Subjects: Two-hundred and thirty-three women and 2060 men from the FinnTwin16 study, aged 16 years at baseline (T1), and ranging from 22 to 27 years at the time of the nutritional assessment (T4). Methods: Eating styles (Restrictive/overeating, health-conscious, snacking, emotional and externally induced), self-reported at T4, were contrasted with body mass indices (BMIs) at T1 and T4. Results: At T4, obesity (BMIX30Kg/m 2 ) was significantly cross-sectionally associated with restrictive eating, frequent snacks, eating in the evening, avoiding fatty foods and failure to maintain healthy eating patterns. These associations were independent of BMI at T1. Obese women self-reported more vulnerability to external eating cues and comfort eating than normal-weight women. However, in a multivariable model, only restrictive/overeating and health-conscious eating styles were significant correlates of obesity at T4, independent of gender and BMI at T1. When we controlled for genetic background restricting the analysis to the 39 female and 45 male monozygotic twin pairs discordant for obesity or overweight (BMIX25Kg/m 2 ), restrictive/ overeating eating style was still statistically significantly associated with excess weight. Conclusions: The eating styles of obese young adults differ from their normal-weight counterparts: restrictive eating, overeating and fewer healthy food choices are associated with obesity. Different eating styles may partially explain weight differences in individuals with identical genetic background.
Introduction
Various theoretical approaches have attempted to explain obesity in humans. Although body size and composition are strongly genetically determined (Maes et al., 1997) , genetic influences alone cannot explain the recent rapid rise in rates of obesity. More environmentally influenced eating behaviors (Neale et al., 2003; de Castro, 2004) , such as individual eating styles, may thus have an important triggering role in excessive weight gain.
Over time, researchers have proposed several models of how eating styles could lead to obesity (Rodin et al., 1989; van Strien and Ouwens, 2003) . Indeed, given the changing topography of food availability and composition, the applicability of various models may be changing over time.
According to the psychosomatic model of obesity, anxiety and psychological stress are reduced by overeating. (Kaplan and Kaplan, 1957; van Strien and Ouwens, 2003) . The internal/ external hypothesis (Schachter and Rodin, 1974; van Strien and Ouwens, 2003) posits an alternative approach: people at normal weight have learned to interpret physiological hunger signals correctly, but obese people lack that understanding and depend to a greater degree on external cues both to initiate and stop eating. If true, a proportion of the population is excessively vulnerable to external influences on eating, such as sights and smells of food or advertising. Yet another attempt to explain obesity is the restraint theory (Herman and Mack, 1975) , suggesting that the key factor in producing and maintaining overeating is chronic dieting: feelings of deprivation and physical hunger associated with dieting prompt episodes of overeating and gaining weight. Finally, the ecological association of increases in snacking (Zizza et al., 2001; Männistö et al., 2003; Berteus et al., 2005) and increased rates of obesity may suggest that a snacking eating style, that is, eating characterized by high-energy food and drinks between meals, may contribute to obesity risk (Booth, 1988; Berteus et al., 2005) .
These four theories each predict different eating styles. The psychosomatic theory predicts an emotional eating style, the internal/external hypothesis predicts an external eating style (i.e. eating prompted by visual or olfactory cues or advertisements), the restraint theory predicts a restrictive eating style, and the Booth hypothesis predicts a snacking eating style. Each theory hypothesizes that overeating mediates the effect of eating style on becoming overweight. Inversely, adherence to healthful eating styles (avoiding excessive calorie intake and excessive dieting) should protect against obesity.
Although the role of eating styles in obesity has been questioned by some earlier research (Rodin et al., 1989; Allison and Heshka, 1993) , others have suggested that earlier research may have underestimated the role of individual behaviors and that further investigation is still necessary, particularly on the population level (Lluch et al., 2000; Wardle et al., 2001; Caccialanza et al., 2004; Berteus et al., 2005) . In this study, we tested whether individual eating styles are associated with overweight and obesity in a population sample of young adult twins. To control for genetic background, we also explored these patterns in a subsample of monozygotic twins.
Methods

Participants
The data reported are from FinnTwin16, a population-based study of five birth cohorts of Finnish twins born between 1975 and 1979 (Kaprio et al., 2002 . Data collection was submitted to and approved by local ethics committees. The baseline assessment was conducted by postal questionnaire at the age of 16 years (T1), with follow-ups at 17 years (T2), 18.5 years (T3) and at 22-27 years (T4). At T4, each birth cohort of the twins were contacted semiannually between the year 2000 and 2002, and the respondent's mean age was 24.4 years. The questionnaires assessed personality, social relationships, general health and health habits. The present study is based on responses at T1 and T4, comprising 4667 twins (2545 females and 2122 males). Response rates were high (485%) across all occasions.
Twins' zygosity was determined by standard items included in the baseline questionnaire (Sarna et al., 1978; Sarna and Kaprio, 1980) and was, when necessary, supplemented with photographs, fingerprints, and DNA-marker studies. The twin pairs were classified as monozygotic (MZ), dizygotic (DZ) or unknown zygosity. The number of twin pairs where the zygosity of both twins was known was 2009. We excluded individuals (N ¼ 251, 5.4%) who self-reported potentially weight-affecting chronic diseases at T4: anorexia and bulimia nervosa; diabetes; inflammatory bowel disease, chronic diarrhoea, celiac disease; hypo-or hyperthyroidism, lupus, mental retardation, malignancies, cerebral palsy and other mobility disorders. At T4, information on body mass index (BMI) was incomplete for 23 individuals. Thus, the final sample comprised 4393 healthy individuals (2333 women and 2060 men). The subsample of MZ twins included 358 female and 242 male twin pairs.
Main outcome variables BMI and overweight. BMI (kg/m 2 ) was calculated based on the twins' self-reported weight and height at T1 and T4. Agreement between self-reported weight and measured weight in a subsample of this cohort at T4 was 0.96 and 0.94 respectively (Schousboe et al., 2003; Silventoinen et al., 2003) Eating styles. To assess eating styles of the twins at T4, we used a questionnaire previously developed by us (Keski-Rahkonen et al., 2005) that addressed restrictive/ overeating, snacking, health-conscious, emotional, and externally induced eating styles (see Appendix A). Participants were asked to choose the one of four options that best characterized their overall eating style (Appendix, item A). Subsequently, five items assessed snacking/grazing styles, three health-conscious eating, two emotional eating, and one externally cued eating (Appendix, items B): responses to the latter items were dichotomized. Because the internal consistency of multiple item assessment of eating styles was relatively low (Cronbach's alphasp0.70), each item was used as a separate variable in the analyses, but their groupings are based on factor analysis that had similar solutions in both genders (further details about validation and factor analyses available from the first author).
Statistical analyses
We investigated differences between eating styles and BMI and overweight/obesity categories using cross-tabulations, the Pearson w 2 test of independence, linear and logistic regression, all corrected for clustered sampling within twin pairs using the svytab, svyreg and cluster procedures in Stata 8.0. The relationship of categorical BMI at T4 and eating styles at T4 was assessed using polytomous logistic regression models (Hosmer and Lemeshow, 2000) , controlling for BMI at T1 and correcting for clustered sampling. The four categories of BMI were used as outcome variables, individuals at normal weight (BMIo25 Kg/m 2 ) being the reference category. In a multiple logistic regression model that controlled for gender and BMI at T1, we entered all the eating styles in the model, testing which of them remained significantly associated with obesity. The correlations of the independent variables in the model did not exceed r ¼ 0.4.
In twin analyses, we computed Pearson and polychoric correlation coefficients to assess intrapair twin resemblance by zygosity group. Monozygotic twin pairs were also compared using conditional logistic regression. Stata 8.0 was used for all analyses.
Results
Relation between obesity and eating styles The prevalence of obesity (BMIX30 Kg/m 2 ) at T4 was 3.9% in women and 4.1% in men, which did not differ significantly (P ¼ 0.62). Overweight (25pBMIo30 Kg/m 2 ) at T4 was more common in men (24.6%) than in women (11.5%, Po0.0001). Conversely, restrictive eating, overeating, and alternating restricting/overeating at T4 were significantly more common in women than in men (Po0.00001), and significantly more common among the obese than the nonobese (Table 1 ). The frequencies of eating styles by sex, and the mean BMI and proportion of obese participants per each eating style category are presented Tables 1 and 2. The frequencies of different eating styles exhibited clear sex differences in all other areas except eating in the evening and eating while watching TV.
As detailed in Table 3 , individuals overweight or obese at T4 had a lower likelihood of attempting to maintain healthy eating styles than their normal-weight peers. Restrictive eating, snacking between meals, consuming food and snacks in the evening and avoiding fatty foods were associated with obesity in both men and women. In contrast to women at normal weight and men at all weights, obese women were much more likely to comfort themselves with food. However, both obese women (BMIX30 Kg/m 2 ) and overweight men Kg/m 2 ) were significantly more likely to be prompted to eat by visual cues than their normal-weight peers. All these associations were independent of the participants' BMI at T1.
Multivariable models
When all the eating styles were entered in a multivariable model predicting obesity, controlling for gender and BMI at T1 (Table 4) , restricting/overeating eating style at T4 was associated with obesity at T4 and health-conscious eating style at T4 decreased the risk of obesity at T4.
Twin aspects of eating styles
Pairwise twin correlations of eating styles are detailed in Table 5 . The intrapair correlations for BMI were higher than those for eating styles in same-sex MZ and DZ and oppositesex twin pairs. In a conditional logistic regression model of female MZ twin pairs discordant for obesity or overweight (BMIX25 Kg/m 2 , N ¼ 39) at T4, the risk of restrictive eating in the overweight was 6.9 (95% CI: 1.2-38.8) times greater and the risk of overeating was 7.8 (95% CI: 1.1-54.4) times greater than that of the non-overweight twin. Among male MZ twin pairs discordant for overweight (N ¼ 45), the risk of restrictive eating in the overweight was 4.8 (95% CI: 1.2-18.5) times that of the non-overweight twin. Other eating styles were not statistically significantly associated with overweight in either gender when controlling for common genetic background.
Discussion
In this population-based study, various eating styles, particularly those characterized by restrictive eating/overeating, snacking between meals, and grazing throughout the evening, were associated with excess weight in young adults, even when controlling for their weight in late adolescence. Eating styles and obesity A Keski-Rahkonen et al P-values were calculated using analysis of variance corrected for clustered sampling within the twin pair with the svyreg procedure in Stata 8.0. b P-values were calculated using the w 2 test for independence corrected for clustered sampling within the twin pair with the svytab procedure in Stata 8.0.
Conversely, young adults who reported attempting to maintain healthy eating patterns were very significantly less likely to be overweight or obese than those who did not report such attempts. Specific attempts to avoid fatty foods and calories, however, were more likely in the obese than in the non-obese. Restrictive/overeating eating styles increased the risk of obesity, and health-conscious eating styles decreased the risk of obesity. In multivariable models, the possible influence of other eating styles on weight appeared to be mediated through restrictive/overeating and health-conscious eating styles, as we hypothesized. Although we confirmed the previous observations that snacking is associated with obesity in both sexes (Berteus et al., 2005) , that emotional eating is positively correlated with BMI in women but not in men (Lluch et al., 2000) , and that the reactivity to external food-related signals is not only characteristic of children (Lluch et al., 2000) but also of young adults, these associations seemed secondary in importance and mediated by restrictive/overeating eating styles. Indeed, several earlier studies have reported the coexistence of high dietary restraint with overweight and obesity in children, adolescents and adults (Braet and Wydhooge, 2000; Lluch et al., 2000) .
Although this study could not tease out the causal relationship between eating styles and obesity, some clues were provided by our data. First, when our analyses 
Restrictive eating/overeating Restrictive eating 3.5*** (2.3-5.2) 3.8*** (2.2-6.4) 8.0*** (4.2-15.3) 1.9*** (1.4-2.7) 6.1*** (4.2-8.9) 6.2*** (3.4-11.0) Frequent overeating 2.4*** (1.4-4.0) 2.0* (1.0-4.0) 2.0 (0.8-5.2) 1.2 (0.5-2.7) 3.6** (1.6-8.1) 3.0* (1.0-8.4) Alternating overeating and restricting 2.4* (1.2-4.8) 3.4** (1.5-7.4) 4.6*** (1.8-11.4) 2.2 (0.6-8.7) 6.9** (1.7-27.5) 3.0 (0.1-64.0)
Snacking Frequent snacking between meals 1.6** (1.1-2.3) 2.0** (1.3-3.1) 2.7*** (1.6-4.6) 1.3 (0.9-1.8) 2.2*** (1.5-3.3) 3.0*** (1.7-5.5) Frequent snacks replace meals 0.9 (0.6-1.5) 1.3 (0.7-2.5) 1.4 (0.7-2.8) 0.7 (0.4-1.1) 1.9* (1.1-3.2) 1.4 (0.6-3.0) Highest food consumption in the evening 1.3 (0.9-1.9) 1.9** (1.2-2.9) 2.0** (1.2-3.4) 1.1 (0.8-1.5) 1.4* (1.0-2.1) 2.3** (1.3-3.9)
Grazing throughout the evening 1.4 (0.9-2.1) 3.0*** (1.9-4.8) 3.8*** (2.1-6.8) 1.0 (0.6-1.5) 1.5 (0.9-2.3) 2.5** (1.3-4.8) Eating while watching TV 1.3 (0.9-1.8) Food used as a reward 1.3 (0.8-2.1) 1.3 (0.7-2.2) 1.8 (1.0-3.2) 1.1 (0.7-1.6) 0.9 (0.5-1.8) 1.6 (0.7-3.0) Comfort eating 2.0* (1.1-3.5) 2.9** (1.5-5.6) 2.4* (1.2-5.0) 1.0 (0.6-2.1) 1.2 (0.6-2.6) 1.5 (0.5-4.4)
Polytomous logistic regression models were used to obtain the estimates. Table 4 The association of obesity and eating styles at T4, adjusted for BMI at T1: odds ratios from the best-fitting multivariable logistic regression model
Both genders N ¼ 4278
Odds ratio (95% confidence interval) 2 ) increase in BMI. Gender and all other eating styles could be removed from the model without a significant decrease in model fit (Dw 2 ¼ 12.76, Ddf ¼ 9, P ¼ 0.1736). *Po0.05, **Po0.01, ***Po0.001.
Eating styles and obesity
A Keski-Rahkonen et al controlled for BMI at T1, eating styles and obesity were nevertheless strongly associated. Second, genetically identical female and male MZ twins who were discordant for overweight were also statistically significantly more likely to be discordant for restrictive eating styles. Obesity and eating styles would be less likely to be causally related had the twins been discordant for BMI, but not discordant for restrictive eating styles. Third, MZ and DZ twins were less likely to have similar eating styles than similar BMIs. Conceivably, although body weight and size appear strongly genetically influenced (Maes et al., 1997; Keski-Rahkonen et al., 2005) , in MZ twin pairs who develop BMI discordance, more environmental sources of influences, such as eating styles, may be responsible. Thus, a genetic predisposition constitutes the foundation of weight regulation, but more environmentally influenced behavioral patterns, such as eating styles, explain why genetically identical individuals are phenotypically dissimilar. Our finding thus underscores the importance of future studies on the interaction of genes and environment in obesity related phenotypes. The obvious next step is to quantify the magnitude and direction of genetic and environmental contributions to various eating styles and nutritional patterns and their relation to BMI, as well as to design studies to identify specific genes that code for proteins that may influence these behaviors.
The strengths of this study include its large sample size and good coverage of the Finnish young adult population. Because of excellent response rates and nationwide sampling, the education level of our study population at 17 years corresponded relatively well to that of the 17-18-y-old Finnish population (Haven, 1998) , albeit with some bias towards higher education in our participants.
There are also some further limitations to this study. Of the T1 participants, about 14.5% had been lost to follow-up by T4. Nonresponse was significantly more common among men and individuals of unknown education level, although there were no statistically significant differences between responders and nonresponders in their family socioeconomic status (Penninkilampi-Kerola et al., 2005) . Due to nonresponse and exclusion of individuals with weightaffecting illnesses, obesity is likely underestimated in our sample, particularly among men. Conversely, because the greater muscularity of young men may be a confounder when BMI is used to measure overweight, we observed much higher prevalences of overweight among our men than among our women despite almost identical prevalences of obesity. Although the prevalences reported here were lower than those in the UK and USA (Hedley et al., 2004; Rennie and Jebb, 2005) , and also lower than prevalences reported among Finnish adults (Lahti-Koski et al., 2002) , we believe that this sample provides valuable information about a population where obesity is rapidly increasing (Kautiainen et al., 2002) .
Inherent to all self-report-based approaches to dietary questions, self-reporting bias is likely in this study: measures of eating styles were entirely subjective. Societal pressures may cause women to assess their eating styles more critically than do men, which may inflate gender differences observed in this study. In the absence of further information about actual energy intake, it is difficult to further assess these potential biases.
Eating styles of obese young adults differ markedly from their normal weight counterparts, with clear sex differences. As patterns of restrictive eating, overeating, and alternating restrictive/overeating were most commonly associated with obesity, factors that lead to the development and maintenance of these types of eating styles warrant further investigation as we bolster efforts to prevent the development of obesity across the lifespan. This study also implies that genetic predisposition alone does not dictate body weight: environmentally influenced behavioral patterns, such as eating styles and healthful food choices, also make a difference and merit further study.
